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Abstract

The objective of the study was to systematically summarize current
evidence on the effectiveness of pre-surgical infant orthopedics (PSIO) in
cleft lip and palate (CLP) patients. Electronic and manual searches were
conducted, and using specific inclusion and exclusion criteria, data
extraction and analysis was performed by two independent investigators.
When possible, overall pooled estimates with 95% confidence intervals
were obtained using the random-effects model. Twenty-four of 885 original
studies met the inclusion criteria and were included in the qualitative
synthesis, whereas 10 of them were included in the quantitative synthesis
(meta-analysis). Except for the variable M-T-C(5) assessing maxillary
arch form, which presented an increase at 48 months of follow-up, all
other variables concerning craniofacial and dentoalveolar changes
demonstrated no significant differences, indicating that PSIO treatment has
no effect on CLP patients. The limited evidence derived from this study
does not seem to support the short- or long-term effectiveness of PSIO in
CLP patients.

Key words: cleft lip; cleft palate; meta-analysis; pre-surgical orthopedics;
systematic review

Introduction

Clefts of the lip and/or palate (CLP) constitute one of the most
frequent craniofacial anomalies. According to the World Health
Organization (WHO), one infant in every 600 is born worldwide
presenting this defect, which has considerable medical, eco-
nomic, social, and emotional consequences for the affected
individuals and their families (1). The etiology of CLP is complex,
involving polygenic interactions with environmental factors. CLP
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patients hence require surgical, orthodontic,
dental, nutritional, speech, and psychological
scientific support (1). Pre-surgical infant ortho-
pedics (PSIO) refers to the type of treatment that,
during infancy and prior to CLP surgical recon-
struction, approximates the soft and osseous
structures surrounding the cleft (2).

Sixty years after it was introduced by McNeil (3)
and later developed by Burston (4), a substantial
body of literature has demonstrated various types
of orthopedic appliances, such as active ones with
screws and pins for retention (5-9) and passive
ones with (3, 4) or without (10) extraoral strap-
ping, or with additional nasal stents (11, 12). De-
spite the numerous applications, the clinical
effectiveness of PSIO treatment remains a con-
troversial issue.

Proponents of this approach claim that PSIO
treatment guides palatal growth (8, 13-15), im-
proves the esthetic outcome of the nasolabial
structures (8, 12, 15-17), and reduces the need for
secondary surgeries during the patient’s lifetime
(12, 13). In addition, they claim that infants’
feeding ability (14) and speech development (18-
20) and parents’ psychology are enhanced (14,
21). In contrast, several authors consider that
there is no evidence of esthetic improvement or
reduction in the extent of surgical/orthodontic
treatment required, and consequently do not
agree with these advantages (2, 22-25). Eventu-
ally, the fact that PSIO treatment facilitates sur-
gery seems to be the only area of agreement (2, 3,
8,9, 12, 13, 23, 26-28).

A number of key-points regarding PSIO treat-
ment of CLP patients seem to be overlooked. The
majority of the aforementioned two categories of
studies lack 1) appropriate study design; 2) sta-
tistically adequate sample size; 3) proper descrip-
tion of the patients’ characteristics; 4) untreated
control group or treated control group with no
PSIO; 5) clear outcome measures; and 6) follow-up
into adulthood. Consequently, the known benefi-
cial or harmful effects of PSIO treatment are based
mainly on studies with low level of evidence (29), a
fact that leads to contradictions among scientists
and thus to confusion in clinical decision-making.

Therefore, the aim of this investigation was to

qualitatively and quantitatively assess the
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currently existing literature by conducting a sys-
tematic review and a meta-analysis of random-
ized controlled clinical trials (RCTs) and pro-
spective controlled clinical trials (pCCTs) in an
attempt to provide the best evidence available on
the effectiveness of PSIO treatment in CLP
patients and more specifically on general devel-
opmental measures, as well as on craniofacial and
dentoalveolar treatment outcomes in the short
and long term.

Material and methods

This meta-analysis was conducted following a
pre-defined protocol including a search strategy,
eligibility criteria for study inclusion, screening
methods, quality control, data extraction, and
data analysis (30), which was based on the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement (31).

Data sources and searches

A computerized literature search of several elec-
tronic databases was independently conducted by
two authors (ENK and MLV) for the identification
of eligible studies published up to July 2010, using
key words and their combinations, modified
according to the syntax rules of each database.
Table 1 presents the databases searched and
outlines the strategy followed along with the
number of studies found in each database. In an
attempt to avoid publication bias, gray literature
(i.e., articles that have not been formally pub-
lished) was also searched directly through data-
bases/registers [Google Scholar, UMI Proquest
(dissertations and theses), Cambridge Scientific
Abstracts (conference proceedings)], ongoing tri-
als (metaRegister of Controlled Trials), and the
German National Library of Medicine (technical
reports, proceedings, reprints). In addition, pub-
lication status was not used as an exclusion cri-
terion. Both English and non-English articles
referring to human studies were included. The
most recent electronic search was undertaken on
September 1, 2010, when the database of the
clinical trials (CTs) registers (metaRegister of



Papadopoulos et al. Pre-surgical orthopedics for cleft lip and palate patients

Table 1. The electronic databases searched, the search strategies used, and the corresponding results

Electronic database

Extent of
Search strategy used search

Hits

MEDLINE
searched via PubMed
(1950-13 July 2010)
http://www.ncbi.nlm.nih.
gov/sites/entrez/

EMBASE
searched via ScienceDirect
(1974-13 July 2010)
http://www.embase.com

Cochrane Database of
Systematic Reviews
searched via The Cochrane
Library on 13 July 2010
http://www.thecochrane-
library.com

Cochrane Central Register
of Controlled Trials
searched via The Cochrane
Library on 13 July 2010
http://www.thecochrane-
library.com

((randomized controlled trial [pt] OR controlled clinical trial [pt] OR In all fields
randomized controlled trials [mh] OR random allocation [mh] OR
double-blind method [mh] OR single-blind method [mh] OR clinical
trial [pt] OR clinical trials [mh]) OR (‘clinical trial’ [tw]) OR ((singl*

[tw] OR doubl* [tw] OR trebl* [tw] OR tripl* [tw]) AND (mask*

[tw] OR blind* [tw])) OR (placebos [mh] OR placebo* [tw]

OR random* [tw] OR research design [mh:noexp] OR comparative
study OR evaluation studies OR follow-up studies [mh] OR
prospective studies [mh] OR control* [tw] OR prospectiv* [tw]

OR volunteer* [tw])) AND ((cleft lip) OR (cleft lip and palate) OR
(alveolar cleft*)) AND ((infant orthodontics) OR (infant orthopaedics)
OR (infant orthopedics) OR (preoperative orthodontics) OR
(preoperative orthopaedics) OR (preoperative orthopedics) OR
(presurgical orthodontics) OR (presurgical orthopaedics) OR
(presurgical orthopedics) OR (presurgical orthodontic treatment)
OR (presurgical orthopaedic treatment) OR (presurgical orthopedic
treatment) OR (alveolar molding) OR (alveolar moulding) OR
(nasoalveolar molding) OR (nasoalveolar moulding) OR

(nasal alveolar molding) OR (nasal alveolar moulding) OR (pnam))

((cleft lip) OR (cleft lip and palate) OR (alveolar cleft*)) AND ((infant Limited to
orthodontics) OR (infant orthopaedics) OR (infant orthopedics) OR humans/
(preoperative orthodontics) OR (preoperative orthopaedics) OR in all
(preoperative orthopedics) OR (presurgical orthodontics) OR (presurgical fields
orthopaedics) OR (presurgical orthopedics) OR (presurgical orthodontic
treatment) OR (presurgical orthopaedic treatment) OR (presurgical
orthopedic treatment) OR (alveolar molding) OR (alveolar moulding) OR
(nasoalveolar molding) OR (nasoalveolar moulding) OR (nasal alveolar
molding) OR (nasal alveolar moulding) OR (pnam))

((cleft lip) OR (cleft lip and palate) OR (alveolar cleft*)) AND ((infant In all fields
orthodontics) OR (infant orthopaedics) OR (infant orthopedics)

OR (preoperative orthodontics) OR (preoperative orthopaedics) OR
(preoperative orthopedics) OR (presurgical orthodontics) OR
(presurgical orthopaedics) OR (presurgical orthopedics) OR (presurgical
orthodontic treatment) OR (presurgical orthopaedic treatment) OR
(presurgical orthopedic treatment) OR (alveolar molding) OR (alveolar
moulding) OR (nasoalveolar molding) OR (nasoalveolar moulding) OR
(nasal alveolar molding) OR (nasal alveolar moulding) OR (pnam))

((cleft lip) OR (cleft lip and palate) OR (alveolar cleft*)) AND ((infant In all fields
orthodontics) OR (infant orthopaedics) OR (infant orthopedics) OR
(preoperative orthodontics) OR (preoperative orthopaedics) OR
(preoperative orthopedics) OR (presurgical orthodontics)

OR (presurgical orthopaedics) OR (presurgical orthopedics)

OR (presurgical orthodontic treatment) OR (presurgical orthopaedic
treatment) OR (presurgical orthopedic treatment) OR (alveolar
molding) OR (alveolar moulding) OR (nasoalveolar molding) OR
(nasoalveolar moulding) OR (nasal alveolar molding) OR (nasal
alveolar moulding) OR (pnam))

237

88

31
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Table 1. Continued

Extent of
Electronic database Search strategy used search Hits
Google Scholar Beta infant orthodontics 0
searched on 29 July 2010 infant orthopaedics 7
http://www.scholar. infant orthopedics 18
google.com preoperative orthodontics 1
preoperative orthopaedics 1
preoperative orthopedics 3
presurgical orthodontics 5
presurgical orthopaedics 1
presurgical orthopedics 13
presurgical orthodontic treatment 10
presurgical orthopaedic treatment 3
presurgical orthopedic treatment 10
alveolar molding 11
alveolar moulding 0
nasoalveolar molding 35
nasoalveolar moulding 3
nasal alveolar molding
nasal alveolar moulding 0
pnam 12
Web of Science TS=(((randomized controlled trial [pt] OR controlled clinical In topic 39
searched on 15 July 2010 trial [pt] OR randomized controlled trials [mh] OR random
http://scientific.thomson.com/ allocation [mh] OR double-blind method [mh] OR
products/wos/ single-blind method [mh] OR clinical trial [pt] OR clinical
trials [mh]) OR (‘clinical trial’ [tw]) OR ((singl* [tw] OR
doubl* [tw] OR trebl* [tw] OR tripl* [tw]) AND (mask*
[tw] OR blind* [tw])) OR (placebos [mh] OR placebo*
[tw] OR random* [tw] OR research design [mh:noexp]
OR comparative study OR evaluation studies OR
follow-up studies [mh] OR prospective studies [mh] OR
control* [tw] OR prospectiv* [tw] OR volunteer* [tw]))
AND ((cleft lip) OR (cleft lip and palate) OR (alveolar
cleft*)) AND ((infant orthodontics) OR (infant orthopaedics)
OR (infant orthopedics) OR (preoperative orthodontics) OR
(preoperative orthopaedics) OR (preoperative orthopedics)
OR (presurgical orthodontics) OR (presurgical orthopaedics)
OR (presurgical orthopedics) OR (presurgical orthodontic
treatment) OR (presurgical orthopaedic treatment) OR
(presurgical orthopedic treatment) OR (alveolar molding)
OR (alveolar moulding) OR (nasoalveolar molding) OR
(nasoalveolar moulding) OR (nasal alveolar molding) OR
(nasal alveolar moulding) OR (pnam)))
Evidence-Based Medicine ‘cleft lip” OR ‘cleft lip and palate’ In all fields 1

searched on 13 July 2010
http://ebm.bmjjournals.com
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Electronic database

Search strategy used

Extent of
search

Hits

Scopus
searched on 13 July 2010
http://www.scopus.com

LILACS database
searched on 13 July 2010
http://bases.bvs.br

Bibliografia Brasileira de
Odontologia
searched on 13 July 2010
http://bases.bvs.br

Ovid database

searched via Heal-link on 13

July 2010

http://ovidsp.ovid.com/autologin.

htmi

Bandolier
searched on 13 July 2010

http://www.jr2.ox.ac.uk/Bandolier

(‘cleft lip” OR ’cleft lip and palate” OR ’alveolar cleft*’) AND (‘infant
orthodontics’ OR ’infant orthopaedics’ OR ’infant orthopedics’ OR’
preoperative orthodontics’ OR ’preoperative orthopaedics’

OR ’preoperative orthopedics’ OR ’presurgical orthodontics’

OR ’presurgical orthopaedics’ OR ’*presurgical orthopedics” OR
’presurgical orthodontic treatment” OR ’presurgical orthopaedic
treatment’” OR ’presurgical orthopedic treatment” OR ’alveolar
molding’ OR ‘alveolar moulding” OR ’nasoalveolar molding’

OR ’nasoalveolar moulding’ OR ’nasal alveolar molding’ OR ’nasal
alveolar moulding’ OR ’pnam’)

((cleft and lip) or (cleft and lip and palate) or (alveolar and cleft))
and ((infant and orthodontics) or (infant and orthopaedics) or
(infant and orthopedics) or (preoperative and orthodontics) or
(preoperative and orthopaedics) or (preoperative and orthopedics)
or (presurgical and orthodontics) or (presurgical and orthopaedics)
or (presurgical and orthopedics) or (presurgical and orthodontic
and treatment) or (presurgical and orthopaedic and treatment) or
(presurgical and orthopedic and treatment) or (alveolar and
molding) or (alveolar and moulding) or (nasoalveolar and molding) or
(nasoalveolar and moulding) or (nasal and alveolar and molding) or
(nasal and alveolar and moulding) or (pnam))

((((cleft and lip)) or ((cleft and lip and palate)) or ((alveolar and cleft))))
and ((((infant and orthodontics)) or ((infant and orthopaedics)) or
((infant and orthopedics)) or ((preoperative and orthodontics))
or ((preoperative and orthopaedics)) or ((preoperative and orthopedics))
or ((presurgical and orthodontics)) or ((presurgical and orthopaedics)) or
((presurgical and orthopedics)) or ((presurgical and orthodontic and
treatment)) or ((presurgical and orthopaedic and treatment)) or
((presurgical and orthopedic and treatment)) or ((alveolar and molding))
or ((alveolar and moulding)) or ((nasoalveolar and molding)) or
((nasoalveolar and moulding)) or ((nasal and alveolar and molding))
or ((nasal and alveolar and moulding)) or ((pnam))))

((cleft lip) OR (cleft lip and palate) OR (alveolar cleft*)) AND ((infant
orthodontics) OR (infant orthopaedics) OR (infant orthopedics) OR
(preoperative orthodontics) OR (preoperative orthopaedics) OR
(preoperative orthopedics) OR (presurgical orthodontics) OR
(presurgical orthopaedics) OR (presurgical orthopedics) OR
(presurgical orthodontic treatment) OR (presurgical orthopaedic
treatment) OR (presurgical orthopedic treatment) OR (alveolar
molding) OR (alveolar moulding) OR (nasoalveolar molding)

OR (nasoalveolar moulding) OR (nasal alveolar molding) OR
(nasal alveolar moulding) OR (pnam))
(‘cleft lip’, “cleft lip and palate’, ‘alveolar cleft*)

In all fields

Limited to
humans/
in all
fields

In all fields

In all fields

In all fields

466

14

302
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Table 1. Continued

Extent of
Electronic database Search strategy used search Hits
Atypon Link ((cleft lip) OR (cleft lip and palate) OR (alveolar cleft*)) AND In all fields 7
searched on 13 July 2010 ((infant orthodontics) OR (infant orthopaedics) OR (infant
http://www.atypon-link.com/ orthopedics) OR (preoperative orthodontics) OR (preoperative
orthopaedics) OR (preoperative orthopedics) OR (presurgical
orthodontics) OR (presurgical orthopaedics) OR (presurgical
orthopedics) OR (presurgical orthodontic treatment) OR
(presurgical orthopaedic treatment) OR (presurgical orthopedic
treatment) OR (alveolar molding) OR (alveolar moulding) OR
(nasoalveolar molding) OR (nasoalveolar moulding) OR
(nasal alveolar molding) OR (nasal alveolar moulding) OR (pnam))
African Journals Online ‘cleft lip” OR “cleft lip and palate’ OR ‘alveolar cleft* In all fields* 21
searched on 13 July 2010
http://www.ajol.info
Digital Dissertations (‘cleft lip” OR “cleft lip and palate” OR ‘alveolar cleft*’) AND In all fields 1
searched via UMI ProQuest (‘infant ortho™ OR ‘preoperative ortho* OR ‘presurgical ortho* OR (Databases:
on 13 July 2010 ‘alveolar molding” OR ‘alveolar moulding’ OR ‘nasoalveolar Dissertations
http://proquest.umi.com/ molding” OR ‘nasoalveolar moulding’” OR ‘nasal alveolar molding’ & Theses)
pgdweb?RQT = 302&cfc = 1 OR ‘nasal alveolar moulding’ OR ‘pnam’)
Conference Paper Index ((cleft lip) or (cleft lip and palate) or (alveolar cleft*)) and ((infant In all fields 2
searched via Cambridge orthodontics) or (infant orthopaedics) or (infant orthopedics)
Scientific Abstracts or (preoperative orthodontics) or (preoperative orthopaedics) or
(1982-13 July 2010) (preoperative orthopedics) or (presurgical orthodontics) or
http://journals.cambridge.org/ (presurgical orthopaedics) or (presurgical orthopedics) or
action/search (presurgical orthodontic treatment) or (presurgical orthopaedic
treatment) or (presurgical orthopedic treatment) or (alveolar molding)
or (alveolar moulding) or (nasoalveolar molding) or
(nasoalveolar moulding) or (nasal alveolar molding) or (nasal
alveolar moulding) or (pnam))
metaRegister of Controlled (cleft lip) OR (cleft lip and palate) OR (alveolar cleft*) In all fields* 24
Trials (all registers active and
archived)
searched on 1 September 2010
http://www.controlled-trials.
com/mrct/
German National Library of ‘cleft lip’ Basic search 24
Medicine (ZB MED) (Document
searched on 13 July 2010 type: Thesis)
http://www.medpilot.de
Sum 1399

*Limited search capabilities.

Controlled Trials) was searched to identify had not been possibly identified by the electronic
potentially relevant unpublished or ongoing search. For potentially relevant studies in which

studies. The reference lists of all relevant review
articles were manually searched for studies that

212 | Orthod Craniofac Res 2012;15:207-236

only the abstract was available, an attempt was
made to contact the authors for further details



(their response is mentioned below). In addition
when the full texts provided insufficient evidence,
the principle investigators of the relevant CTs
were contacted to request trial and outcome
information, if available. One investigator did
reply to such a request (Dr AG Masarei).

Eligibility criteria and study selection

Eligibility was pre-determined with regard to
participants, intervention characteristics, com-
parisons, outcome measures, and study design
(PICOS) (31), and verified by comprehensive
reading of the reports identified by the search.
Initially, the titles and abstracts of all identified
studies were screened. For studies with insuffi-
cient data in the title and/or abstract, as well as
for those deemed to meet the inclusion criteria,
the full texts of the articles were obtained to make
a clear decision. When the abstract or the full texts
were not available, the corresponding authors
were contacted by e-mail to provide a copy of
their paper. All full-text articles were assessed
independently and in duplicate by two authors
(ENK and MLYV) according to pre-specified inclu-
sion and exclusion criteria (Table 2). Duplicate
records such as published articles presented also
in conferences, studies with multiple publica-
tions, as well as dissertations published also
in journals, were excluded. Disagreements were
resolved by consulting the first author (MAP) until
final consensus was achieved. The level of inter-
reviewer agreement regarding the inclusion of
potential studies was calculated by Cohen’s «.

Data extraction

Two authors (ENK and MLV) extracted indepen-
dently all relevant data in the specially pre-designed
extraction form after appropriate adjustment.
Afterward, the same two authors double-extracted
data for a random sample of 10% of the included
studies to assess data reliability. Again, any dis-
agreement during the extraction process was
resolved by consulting the first author (MAP) until
a final consensus was achieved. Inter-reviewer
agreement on data extraction was assessed by
Cohen’s k.

Papadopoulos et al. Pre-surgical orthopedics for cleft lip and palate patients

For each trial, the following data were
recorded: 1) author, year of publication, study
design, and identification source of each trial; 2)
demographic characteristics of the participants;
3) details of the diagnosis, the outcome investi-
gated, and the method by which the latter was
assessed; 4) intervention characteristics, such as
the type of the appliance used, the time of
treatment initiation, and the follow-ups of each
trial; and 5) information regarding the authors’
conclusions.

Quality analysis

Quality analysis for all included studies was
performed independently by two authors
(ENK and MLYV), as described by Antczack et al.
(32) and Jadad etal. (33). These procedures
were conducted without blinding, because sci-
entific evidence does not strongly suggest
masked assessment (34). Studies were classified
as of low (0-5 points), medium (6-8 points), or
high (9 or 10 points) quality. Inter-reviewer
agreement on quality analysis was assessed by
Cohen’s «.

Data synthesis and analysis

For the deduplication of the initially identified
records, a reference management tool was used
(RefWorks, 2010 ProQuest LLC) and the resulting
records were processed using the Microsoft Office
Excel software (Microsoft Co., Redmond, WA,
USA).

Statistical analysis was performed initially using
the statistical software ‘SPSS’ version 18.0 (SPSS
Inc., Chicago, IL, USA). Meta-analysis was
undertaken only in cases where there was more
than one study reporting the same outcome
measures, and was conducted with the specially
designed software ‘Comprehensive Meta-Analysis’
(Biostat Inc, Englewood, NJ, USA) using the
random-effects (RE) model (35).

The mean difference (MD) or the standardized
mean difference (SMD) was used as the metric of
choice for the continuous variables. Because no
trials with comparisons across time points were
identified, and meta-regression could not be

Orthod Craniofac Res 2012;15:207-236 | 213
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Table 2. Eligibility criteria used in this meta-analysis

Criteria category Inclusion criteria

Exclusion criteria

Qutcome Studies investigating the effectiveness
of pre-surgical orthopedic treatment
in patients with complete UCLP
during infancy

Study design Randomized controlled clinical trials

Prospective controlled clinical trials

Participants’ Studies included referring to human

characteristics studies on infant patients younger

than 1 year old at treatment start

Investigations not relevant to the subject of this study

Prospective uncontrolled clinical trials

Retrospective clinical trials

Unsupported opinion of expert

Editor’s choices

Books’ abstracts

Conferences’ abstracts

Cross-sectional surveys

Narrative reviews

Systematic reviews

Meta-analyses

Animal studies

Replies to the author/editor

Studies on molecular biology, histology, or genetics

In vitro studies

Case series without a control

Case reports

Case-control observational studies

Studies with missing English abstract and/or having no abstract at all
Ongoing studies

Studies evaluating patients with incomplete UCLP or isolated
cleft palate

Human studies referring to infant patients older than 1 year old at
treatment start

Clinical trials with inadequate sample size groups

UCLP, unilateral cleft lip and palate.

employed, results across corresponding trials
were pooled, treating each trial arm at a specific
time point as an independent cohort. Results were
stratified as short-term and long-term effective-
ness. p-Values were two-tailed with o = 0.05, and
all presented confidence intervals (CI) were cal-
culated at the 95% level.

Assessment of publication bias

If three or more compatible studies examining the
same outcome were available, our intention was
to evaluate publication bias through visual

inspection of funnel plot asymmetry (36), which,
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however, should be seen as a means of examining
‘small study effects’ and not as tool to diagnose
specific types of bias (37).

Heterogeneity assessment

Heterogeneity among trials was assessed using a
chi-square test for heterogeneity, significant at
p <0.10 (38), and the I 2 measure of inconsis-
tency. I” is independent of the number of studies
and quantifies heterogeneity on a scale of 0-
100%. Heterogeneity was defined as low (25%),
moderate (50%), or high (75%) (39-41). The
extent of heterogeneity between subgroups of



time points (indicating short- vs. long-term ef-
fects) was assessed using the [ 2 statistic.

Results
Literature search

The electronic search strategy yielded initially
1449 records. After removing the duplicates, 885
potential studies remained, while no additional
records were identified through hand-searching. A
total of 770 records did not fulfill the eligibility
criteria and were excluded on the basis of their
titles and abstracts. The full texts of 22 records
were not available and consequently were also
excluded because of the following reasons
(Table S1): 1) in 10 articles, the contact details of
the corresponding authors were not available, and
thus, they could not be contacted (Deng et al.,
2005; Huddart, 1979; Kato etal., 1999;
Li-qin et al., 2007; Mao et al., 2006; Morita et al.,
2004; Pollastri et al., 2000; Van der Beek et al,,
1992; Xu et al., 2003; Zschiesche, 1991); 2) in 10
articles, the corresponding authors were con-
tacted via e-mail but they did not reply (Deng
et al.,, 2005; Zeng et al., 2005; Fang et al., 1999;
Gong et al., 2009; Hamamoto, 1988; Hamamoto
et al., 1984; Li et al., 2006; Li et al., 2009; Molsted
et al., 1993; Suzuki et al., 2005); 3) in one article,
delivery of e-mail failed owing to technical rea-
sons (Brittstrom, 1991); and 4) in one article, the
author did not possess a copy of the publication
(Opitz, 1991).

Careful evaluation of the full text of the
remaining 93 articles led to the exclusion of 69
trials; 54 were retrospective CTs, 14 were pro-
spective uncontrolled CTs, and one was prospec-
tive CT with inadequate sample size (Table S2).
Consequently, although a total of 24 trials were
included in this review, meta-analysis was possi-
ble to be performed for only 10 of them. The
number of excluded studies along with the
respective reasons for exclusion is presented in
Table 3, while the flow diagram of the whole
selection procedure is presented in Fig. 1.

The « score for the selection of studies was
0.837, indicating an almost perfect level of inter-
reviewer agreement (42).

Papadopoulos et al. Pre-surgical orthopedics for cleft lip and palate patients

Table 3. Number of the excluded articles in this meta-
analysis according to the exclusion criteria

Number of
excluded
Exclusion criteria articles
Investigations not relevant to the subject of this 573
study
Prospective uncontrolled clinical trials 14
Prospective clinical trials with inadequate
sample size groups
Retrospective clinical trials 54
Unsupported opinion of expert 17
Editor’s choices 0
Books’ abstracts 6
Conferences’ abstracts 26
Cross-sectional surveys
Reviews 19
Systematic reviews
Meta-analysis 1
Animal studies
Replies to the author/editor 12
Studies on molecular biology, histology, or 1
genetics
In vitro studies 0
Case series without a control 22
Case reports or reports of cases 40
Case—control observational studies 0
Studies with missing English abstract and/ 42
or having no abstract at all
Ongoing studies
Human studies that refer to infant patients older 2
than 1 year old at treatment start
Full text unavailable 22
Total 861

Study characteristics

Of the 24 included trials, 18 were RCTs (43-60)
and six were prospective controlled clinical
trials (pCCTs) (61-66). Their characteristics are
described in Table 4. The x score for the data
extraction indicated an almost perfect level of
inter-reviewer agreement. Seventeen RCTs (43—
53, 55-60) were reports of the same project
(Dutchcleft), evaluating, however, different
treatment outcomes at different ages. All trials

Orthod Craniofac Res 2012;15:207-236 | 215
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Records identified through
database searching
(n = 1449)

Additional records identified
through other sources
(n=0)

v

} { Identification }

Records screened on basis of title and
abstract, after duplicates removed

Screening

Eligibility

(n =885)

Records excluded
(n=1770)

Full-text articles to be assessed for

eligibility (n = 115)

Records excluded (full texts
> not available)
(n=22)

Full-text articles assessed for
eligibility
(n=93)

Articles excluded

(n=69)

[Retrospective CTs (n = 54);
prospective uncontrolled CTs
(n = 14); prospective CTs with
inadequate sample size (n = 1)]

Studies included in qualitative
synthesis
(n = 24)

l

Included

Studies included in
quantitative synthesis
(meta-analysis)

(n = 10)

_J

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the retrieved studies through

the selection process.

examined infants with unilateral cleft lip and
palate (UCLP), except one (66), which examined
infants with bilateral cleft lip and palate (BCLP).
The majority of the included trials used a
consecutive series of infants (61-65), except for
the Dutchcleft studies (43-53, 55-60), and the
one of Masarei et al. (54), which conducted a
computerized allocation method based on birth
weight and alveolar cleft width and on parity and
gender, respectively. Apart from the randomiza-
tion, there were many differences among the
surgical protocols used in each trial, such as
different surgical techniques and different times
of lip and palatal surgery, fluctuating between
3-5 and 6-18 months, respectively. In the
majority of the trials, a passive PSIO appliance
was used, with the exception of the study by
Masarei et al. (54) in which an active appliance
was used in infants with complete CLP and a

216 | Orthod Craniofac Res 2012;15:207-236

passive one in infants with isolated cleft palate
(CP).

Control groups in all included trials consisted of
infants with CLP that did not receive any type of
PSIO (passive or active). In addition, Mishima
et al. (65) examined at the same time also
untreated groups of infants with incomplete
UCLP, while Masarei et al. (54) infants with iso-
lated CP. However, these types of clefts were not
evaluated in the current investigation.

Craniofacial and dentoalveolar treatment
changes were measured by cephalometric or
study model analysis, respectively, while changes
in facial appearance were measured using the
Visual Analog Scale (VAS) method. Feeding was
evaluated using various tools: Neonatal Oral Mo-
tor Assessment Scale (NOMAS), Great Ormond
Street Measurement of Infant Feeding (GOSMIF),
Schedule for Oral-Motor Assessment (SOMA),
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video fluoroscopy, and anthropometry. Speech
development was assessed by speech recordings,
Reynell test, standardized Dutch language tests,
and trained listeners’ or language pathologists’
judgments.

Quality analysis

Quality evaluation of the trials was performed by
taking into account factors that could introduce
bias to the results, such as small sample size,
different surgical protocols, and different number
and experience of surgeons. The overall quality of
the included trials averaged 7 out of 10 points, and
thus, it was evaluated as ‘medium’ (Table 5). The
highest quality score was given to the Dutchcleft
studies (43-53, 55-60), because they were the
best-designed. However, even though in many of
the studies the existence of confounding factors
(most common being operator bias) was taken
into consideration by the researchers, it was not
possible to eliminate them.

The level of inter-reviewer agreement for each
of the eight variables used for the quality analysis
of the included studies, evaluated by Cohen’s r,
was almost perfect for six variables and
substantial for the remaining two (Table 6). The
ratings of the two authors (ENK and MLV) with
regard to the ranking of the included studies did
not differ statistically (p = 0.249).

Assessment of publication bias

Publication bias was not possible to assess,
because not more than two studies were possible
to be included in the meta-analytical comparisons
undertaken for each variable under investigation.

Data synthesis and heterogeneity assessment

Our initial intension was to assess the clinical
effectiveness of PSIO treatment for CLP patients
by evaluating the maximum number of parame-
ters, assessing general developmental measures,
as well as craniofacial and dentoalveolar treat-
ment outcomes in the long term. Despite the fact
that available data were limited, a total of 13
comparisons were made, concerning a small
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number of the variables assessed in the original
articles evaluating the aforementioned character-
istics. These included weight, height, speech,
sagittal development of maxilla and mandible,
craniofacial growth pattern, as well as maxillary
arch depth, width, and form (Table 7, Figs 2-5).
Thus, parameters such as facial esthetics, occlu-
sion, collapse and contact status, cost-effective-
ness, as well as motherhood satisfaction, were
only systematically reviewed.

General developmental measures

PSIO seems to have no effects on weight, height,
and feeding, because no significant differences
were found for these variables between CLP
patients who received PSIO treatment (PSIO+)
in comparison with CLP patients who did not
receive such treatment (PSIO-).

Weight/height differences between PSIO+ and
PSIO- CLP patients were examined in two studies
(54, 57), via the ‘z-scores’ for weight and height.
The pooled MD of weight between these two
groups was 0.12 kg (95% CI=-0.34 to 0.58;
p =0.607) at 3-4 months and 0.04 kg (95%
Cl=-0.48 to 0.56; p=0.885) at 12 months
(Fig. 2A), while the MD of height was —0.06 cm
(95% CI=-0.54 to 0.42cm; p=0.820) and
—0.02 cm (95% CI = -0.52 to 0.49 cm; p = 0.948)
for the corresponding time points (Fig. 2B).
Speech development was assessed by means of
Fonologische Analyse van het Nederlands (FAN)
assessment and International Phonetic Alphabet
(IPA) by the two studies (50, 61) included in the
analysis, respectively, after a 1.5-2 years of follow-
up. Its pooled SMD between PSIO+ and PSIO-
patients was 0.12 (95% CI=-1.26 to 1.51;
p = 0.863) (Fig. 3).

No standardized or non-standardized MD was
significant, indicating that PSIO has no significant
beneficial effect on weight, height, and speech
development of CLP patients at any time. No
significant heterogeneity was present between the
subgroups of time points for any of the three
variables, indicating that the long-term effects of
PSIO treatment on weight, height, and speech
development did not differ from the short-term
effects.



Table 5. Quality evaluation of the included studies

Papadopoulos et al. Pre-surgical orthopedics for cleft lip and palate patients

Valid Method Adequate Judged
Study ~ Sample Selection measurement  error Blinding in statistics ~ Confounding quality
No. Study* design size description  methods analysis measurements provided factors Score standard
1 Bongaarts et al. (43) 3 1 1 1 1 1 1 0 9 High
2 Bongaarts et al. (45) 3 1 1 1 1 1 1 0 9 High
3 Bongaarts et al. (46) 3 1 1 1 1 1 1 0 9 High
4 Bongaarts et al. (44) 3 1 1 1 1 1 1 0 9 High
5 Konst et al. (47) 3 1 1 1 1 1 1 0 9 High
6 Konst et al. (53) 3 1 1 1 1 1 1 0 9 High
7 Konst et al. (50) 3 1 1 1 1 1 1 0 9 High
8 Konst et al. (51) 3 1 1 1 1 1 1 0 9 High
9 Konst et al. (52) 3 1 1 1 1 1 1 0 9 High
10 Konst et al. (48) 3 1 1 1 1 1 1 0 9 High
iR Konst et al. (49) 3 1 1 1 1 1 1 0 9 High
12 Lohmander et al. (61) 1 0.5 1 1 1 0 1 0 55 Low-Medium
13 Masarei et al. (54) 3 1 1 1 0 1 1 0 8 Medium
14 Mishima et al. (64) 1 0.5 1 1 0 0 1 0 4.5 Low
15 Mishima et al. (65) 1 0.5 1 1 0 0 1 0 4.5 Low
16 Mishima et al. (62) 1 0 1 1 0 0 1 0 4 Low
17 Mishima et al. (63) 1 0 1 1 0 0 1 0 4 Low
18 Peat (66) 1 0 0.5 1 0 0 1 1 4.5 Low
19 Prahl et al. (57) 3 1 1 1 1 1 1 0 9 High
20 Prahl et al. (56) 3 1 1 1 1 1 1 0 9 High
21 Prahl et al. (55) 3 1 1 1 1 1 1 0 9 High
22 Prahl et al. (58) 3 1 1 1 1 1 1 0 9 High
23 Prahl et al. (59) 3 1 1 1 1 1 1 0 9 High
24 Severens et al. (60) 3 1 1 1 1 1 1 0 9 High
Overalll 7 Medium
estimate

The following eight variables were evaluated: study design (randomized controlled clinical trials = 3 points; prospective study = 1 point; retrospective study = 0 point);

sample size (adequate = 1 point; partly inadequate = 0.5 point; inadequate = 0 point); selection description (adequate = 1; partly inadequate = 0.5; inadequate = 0);

valid measurement methods = 1 point; use of method error analysis = 1 point; use of blinding in measurements = 1 point; confounding factors estimated in analysis = 1

point. In summary, a study could maximally score 10 points and was categorized of low (0-5 points), medium (6-8), or high (9—10) quality.

*Authors in alphabetical order.

Craniofacial treatment outcomes

The skeletal pattern was examined in two studies
(45, 66) via three cephalometric variables: the
angles SNA (Fig. 4A), SNB (Fig. 4B) and SN-MP
(mandibular plane angle) (Fig. 4C). The pooled
MD of the SNA angle between PSIO+ and PSIO-
groups of patients was 1.24° (95% CI = -0.81 to
3.29° p = 0.246) at the 4-5 years of follow-up and
1° (95% CI =-2.62 to 4.62° p =0.588) at the
9.2 years of follow-up. The pooled MD in SNB
angle between PSIO+ and PSIO- patients was 1.8°
(95% CI = —0.10 to 3.69°% p = 0.063) and —2° (95%

CI = -5.14 to 1.14°% p = 0.212) at the correspond-
ing time points. The pooled MD in SN-MP angle
between PSIO+ and PSIO- patients was —0.61°
(95% CI = -2.44 to 1.21°% p = 0.511) and —-1° (95%
CI = -4.81 to 2.81° p = 0.607) at the correspond-
ing time points.

No significant MDs were found for all the
aforementioned variables (Table 7), indicating
that no significant differences exist among
PSIO+ and PSIO- patients concerning skeletal
pattern. Further, no significant heterogeneity
was present between the subgroups of time
points for SNA or SN-MP, indicating that the
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Table 6. k scores measuring level of agreement between the
two authors in assessing the quality of the included articles

Parameters K value Level of agreement
Study design 1.0 Almost perfect
Sample size 0.795 Substantial
Selection description 1.0 Almost perfect

Valid measurement methods 1.0 Almost perfect

Method error analysis 0.895 Almost perfect
Blinding in measurements 1.0 Almost perfect
Adequate statistic provided 1.0 Almost perfect

Confounding factors 0.795 Substantial

Level of agreement. x < 0.00: poor; k= 0.00-0.20: slight;
k = 0.21-0.40: fair; k = 0.41-0.60: moderate; x = 0.61-0.80:
substantial; x = 0.81-1.00: almost perfect.

long-term effect of PSIO on these variables did
not differ from the short-term effect. A non-
significant trend toward a higher SNB angle of
PSIO+ patients was observed at the 4-5 years of
follow-up by a MD of 1.80°% p=0.063; the
effectiveness of PSIO in improving the SNB an-
gle diminished significantly (the MD changed
from 1.8° to -2°) between 4-5 and 9.2 years
(between time points p = 0.042). However, for
both the SNA and SNB angles, data synthesis
was undertaken by comparing data from UCLP
and BCLP patients at T1 with data from BCLP
patients at T2, and thus, the corresponding re-
sults must be viewed with caution.

Dentoalveolar treatment outcomes

The dentoalveolar changes in the maxillary arch
were measured by means of special 3D mea-
surement equipment (3D Tristation®; 3D Reflex
Microscope®) in two series of studies (43, 55,
62-65) at four time points: at 1-2 weeks (T1), at
6 months (T2), at 18-19.5 months (T3), and at
48 months (T4).

The maxillary arch depth was examined by
measuring the depth perpendicular from the
top of the interdental papilla between the
central incisors (I) to the intertuberosity point
distance (TT’). The pooled MD of this variable
between PSIO+ and PSIO- patients was 0.16 mm
(95% CI =-2.15 to 2.47 mm; p = 0.895) at TI,
-0.13mm (95% CI=-228 to 2.03 mm;

226 | Orthod Craniofac Res 2012;15:207-236

p=0909) at T2, 0.13mm (95% CI=-2.31
to 257 mm; p=0915) at T3, and 1.15 mm
(95% CI=-1.03 to 3.32 mm; p=0.301) at T4
(Fig. 5A).

The maxillary anterior and posterior arch width
was examined by measuring 1) the distance
between the maxillary tuberosities (TT") (Fig. 5B);
2) the distance between the most occlusal point of
the cusp of the upper canine [C(5)-(5)’] (Fig. 5C);
and 3) the distance between the most occlusal
point of the palatal cusp of the upper second
deciduous molars or second pre-molars [P2(5)-
(5)'] (Fig. 5D).

No significant MDs were found for all the
aforementioned variables (Table 7), indicating
that no significant differences exist among
PSIO+ and PSIO- patients concerning maxillary
arch depth or width. Further, no significant
heterogeneity was present between the sub-
groups of time points for any of the depth or
width measurements, indicating that the long-
term effect of PSIO on maxillary arch depth and
maxillary arch width did not differ from the
short-term effect. The comparison regarding the
distance between the upper canines [C(5)-(5)]
included almost entirely data from one original
study, and thus no meta-analytic comparison
between the time points was possible to be
made (Fig. 5C).

There is a possibility that the form of the max-
illary dental arch was slightly affected when CLP
patients received PSIO. The maxillary arch form
was examined via three angles measured: 1) M-T-
C(5), the angle formed between the midpoint of
the tuberosity line (M), the tuberosity at the
unclefted side (T), and the most occlusal point of
the canine cusp at the unclefted side [C(5)]
(Fig. 5E); 2) M-T’-C(5)’, the corresponding angle
at the cleft side (Fig. 5F); and 3) P’-C(5)-T, the
angle contained by the larger segment margin
anteriorly at the unclefted side (P’), the most
occlusal point of the canine cusp at the unclefted
side [C(5)], and the tuberosity at the unclefted
side (T) (Fig. 5QG).

The angle M-T-C(5) presented small, but sig-
nificant differences between PSIO+ and PSIO-
patients, yet in only two of the four time points
assessed, including the post-surgical baseline
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A Study name Time point Statistics for each study Difference in means and 95% CI

Difference Lower Upper

in means limit limit

Prahl 2005 T 0.190 -0.378 0.758

Masarei 2007 T1 -0.010 -0.785 0.765

0.120 -0.338 0.578

Prahl 2005 T2 0.140 -0.436 0.716

Masarei 2007 T2 —0.420 -1.645 0.805

0.039 -0.483  0.560 | <>
-2.00 -1.00 0.00 1.00 2.00
Favours PSIO- Favours PSIO+
B Study name Time point Statistics for each study Difference in means and 95% CI
Difference Lower Upper
in means limit limit
Prahl 2005 ™ 0.030 -0.537 0.597
Masarei 2007 T1 -0.270 -1.168 0.628 -
-0.056 -0.535 0.424
Prahl 2005 T2 0.050 -0.513 0.613
Masarei 2007 T2 -0.280 -1.400 0.840 —_
-0.017 -0.520 0.487
-2.00 -1.00 0.00 1.00 2.00
Favours PSIO- Favours PSIO+

Fig. 2. Forest plots for the mean differences in weight (A) and height (B) between PSIO+ and PSIO- CLP patients. T1, time point: 3—
4 months; T2, time point: 12 months; CLP, cleft lip and palate; PSIO, pre-surgical infant orthopedics.

Study name Time point Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper
in means limit limit
Konst 2003 T 0.844 -0.186 1.874 -
Lohmander 2004 T1 -0.568 -1.511 0.374 —
0.122 -1.262 1.506

-2.00 -1.00 0.00 1.00 2.00

Favours PSIO- Favours PSIO+

Fig. 3. Forest plot for the mean differences in speech development between PSIO+ and PSIO— CLP patients (time point of evaluation:
1.5-2 years). CLP, cleft lip and palate; PSIO, pre-surgical infant orthopedics.

data. More specifically, apart from the post-sur-
gical T1 time point, this angle was increased
in PSIO+ patients by 2.82° (95% CI=0.15 to
5.49° p = 0.038) at 48 months (T4) of follow-up
(Table 7). Furthermore, no significant MDs were
found for the angles M-T"-C(5) or P’-C(5)-T be-
tween PSIO+ and PSIO- patients. Finally, no
significant heterogeneity was present between
the subgroups of time points for any of the
three angles, indicating that the long-term effect
of PSIO on the maxillary arch form of CLP
patients did not differ from the short-term
effect. The comparison regarding the angle
P’-C(5)-T included data only from one source
study, and thus, no meta-analytic comparison
between the time points was possible to be made
(Fig. 5G).

Discussion

The effectiveness of PSIO treatment remains a
subject of controversy in the medical literature.
Although PSIO has not been fully established by
evidence-based studies, it has become part of the
standard care of CLP patients as a preliminary
technique included in the treatment protocols of
many centers around the world [i.e., the Americ-
left project (67), the Eurocleft project (68), the
Cleft Palate Centres of Nijmegen, Amsterdam, and
Rotterdam (55), the North Thames Regional Cleft
Centre (NTRCC) (54), and the Cleft Centre of
Sahlgrenska University Hospital, Goteborg (61)].
Conflicting conclusions from the published
studies combined with the lack of systematic or
meta-analytic investigations led to the decision of
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A study name Time point Statistics for each study
Difference Lower Upper
in means limit limit
Peat 1982 T 2000 -2.320 6.320
Bongaarts 2009 T1 1.020 -1.312  3.352
1241 -0.811 3.294
Peat 1982 T2 1.000 -2615 4615
1.000 -2615 4615
B
Study name Time point  Statistics for each study
Difference Lower Upper
in means limit limit
Peat 1982 T 3.000 -1.593 7.593
Bongaarts 2009 T1 1.560 -0.501 3.621
1.801 -0.079 3.682
Peat 1982 T2 -2.000 -5.141  1.141
-2.000 -5.141 1.141
Study name Time point Statistics for each study
Difference Lower Upper
in means limit limit
Peat 1982 T 0.000 4936 4.936
Bongaarts 2009 T1 -0.710 -2.677 1.257
-0.613 -2440 1.214
Peat 1982 T2 -1.000 -4.814 2814
-1.000 -4.814 2814

Difference in means and 95% CI

E=

0.00 4.00

-8.00 -4.00 8.00

Favours PSIO- Favours PSIO+

Difference in means an % Cl

il

4.00
Favours PSIO+

-8.00 -4.00 8.00

Favours PSIO-

0.00

Difference in means and 95% CI

-8.00 -4.00 0.00 4.00 8.00

Favours PSIO- Favours PSIO+

Fig. 4. Forest plot for the mean differences in the SNA angle (A), SNB angle (B) and SN-MP angle (C) between PSIO+ and PSIO- CLP
patients. T1, time point: 4-5 years; T2, time point: 9.2 years; CLP, cleft lip and palate; PSIO, pre-surgical infant orthopedics.

conducting this systematic review in order to
assess in an evidence-based manner the effec-
tiveness of PSIO treatment in CLP patients.
A similar systematic review (69) evaluating PSIO
treatment has been published recently; however,
it did not include any data synthesis by meta-
analytic procedures. In the present study, a wide
range of outcomes possibly affected by PSIO were
examined with a comprehensive search proce-
dure. Our search strategy covered published
material up to 2010, using exhaustive electronic,
manual, and gray literature searching, with no
exclusion criteria based on language or publica-
tion date. Screening and selection were performed
in duplicate, and data were finally pooled from 24
controlled trials, most of which were conducted
during the last 15 years.

Studies comparing patients from different
centers or studies with control groups consisting
of healthy patients were excluded. Controlled CTs
in which the study design was not clearly defined
(as prospective or retrospective), and a decision

230 | Orthod Craniofac Res 2012;15:207-236

could not be made, were also eliminated as ret-
rospective CTs. Only randomized and prospective
controlled CTs were included, in an attempt to
reduce the risk of bias (29).

Every effort to diminish bias was made. Sam-
pling bias was minimized, because the patients in
the included trials originated from university
departments (61-65) or academic hospitals and
CP centers (43-60, 66). Bias concerning eligibility
and quality of the original studies was tackled by
having two authors independently assessed the
articles, and any disagreement was resolved by
consulting the first author until a final consensus
was achieved. Various outcomes were included in
the meta-analysis in an attempt to quantify trends
of existing data. Furthermore, the RE model was
used for data analysis, which in the presence of
heterogeneity tends to be more conservative and
produce wider CIs (38).

In general, according to the results of the current
investigation, PSIO treatment seems to have no
significant clinical effect in CLP patients. However,
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Difference Lower Upper
inmeans  limit  limit
Prahl 2001; Bongaarts 2006 T —0.900 -2292 0.492 -+|—
Mishima 1996a, 1996b, 2000, 2001 T1 1.650 -0.743 4.043 O
0.155 -2.154 2.465 9 —
Prahl 2001; Bongaarts 2006 T2 0.600 -0.583 1.783
Mishima 1996a, 1996b, 2000, 2001 T2 -0.990 -2.731 0.751 -
-0.126 -2.283 2.031 -
Prahl 2001; Bongaarts 2006 T3 0.000 -1.803 1.803
Mishima 1996a, 1996b, 2000, 2001 T3 0.310 -2.282 2.902 /J.\
0.133 -2.306 2572 - —
Prahl 2001; Bongaarts 2006 T4 2670 1239 4.101 )
Mishima 1996a, 1996b, 2000, 2001 T4 -0.460 -2.063 1.143 1
1.148 -1.027 3.323
-4.00 -2.00 0.00 2.00 4.00
Favours PSIO- Favours PSIO+
B Study name Time point Statistics for each study Difference in means and 95% Cl
Difference Lower Upper
inmeans  limit  limit
Prahl 2001; Bongaarts 2006 T -0.100 -1.239 1.039
Mishima 1996a, 1996b, 2000, 2001 T1 -0.830 -3.327 1.667
-0.424 -3.707 2.860
Prahl 2001; Bongaarts 2006 T2 -0.500 -1.957 0.957
Mishima 1996a, 1996b, 2000, 2001 T2 1610 -1.517 4.737 -
0.387 -3.035 3.809
Prahl 2001; Bongaarts 2006 T3 -1.500 -3.507 0.507
Mishima 1996a, 1996b, 2000, 2001 T3 4320 1433 7207 ——
1152 -2.317 4.620 =
Prahl 2001; Bongaarts 2006 T4 -1.270 -2.900 0.360
Mishima 1996a, 1996b, 2000, 2001 T4 2990 -0.269 6.249 —
0.517 -2.953 3.986
-8.00 -4.00 0.00 4.00 8.00
Favours PSIO- Favours PSIO+
C Study name Time point Statistics for each study Difference in means an % Cl
Difference Lower Upper
inmeans  limit  limit
Mishima 1996a, 1996b, 2000, 2001 T1 -0.500 -2.996 1.996
-0.500 -3.727 2.727
Mishima 1996a, 1996b, 2000, 2001 T2 0.090 -3.548 3.728
0.090 -4.084 4.264
Mishima 1996a, 1996b, 2000, 2001 T3 3.030 0.395 5.665
3.030 -0.306 6.366
Prahl 2001; Bongaarts 2006 T4 0.500 -1.234 2.234
Mishima 1996a, 1996b, 2000, 2001 T4 2520 0446 4.594
1426 -0.546 3.399
-8.00 -4.00 0.00 4.00 8.00
Favours PSIO- Favours PSIO+
D Study name Time point Statistics for each study Difference in means and 95% Cl
Difference Lower Upper
inmeans  limit  limit
Prahl 2001; Bongaarts 2006 T4 -0.200 -1.692 1.292
Mishima 1996a, 1996b, 2000, 2001 T4 3.010 0.509 5.511
1242 -1.888 4.371
-8.00 -4.00 0.00 4.00 8.00

Favours PSIO- Favours PSIO+

Fig. 5. Forest plots for the mean differences in the maxillary arch depth (A), maxillary arch width I (variable TT’) (B), maxillary arch
width II [variable C(5)-(5)’] (C), maxillary arch width III [variable P2(5)-(5)’] (D), maxillary arch form I [variable M-T-C(5)] (E),
maxillary arch form II [variable M-T’-C(5)"] (F), and maxillary arch form III [P’-C(5)-T] (G) between PSIO+ and PSIO—- CLP patients.
T1, time point: 1-2 weeks; T2, time point: 6 months; T3, time point: 18-19.5 months; T4, time point: 48 months; CLP, cleft lip and

palate; PSIO, pre-surgical infant orthopedics.

certain limitations should be taken into consider-
ation. All comparisons undertaken included a
maximum of two compatible studies, thus mini-
mizing the power of the evidence and precluding
of sensitivity or publication bias.
Although moderate heterogeneity was present,
except for some extreme cases, no actions could be
made to eliminate it. Therefore, the summaries

analyses

provided should by no means be regarded as
robust, but only as an insight into existing knowl-
edge, which could serve as a starting point for
future studies with more rigorous designs.
According to the results of the undertaken
meta-analysis, PSIO treatment seems to have little
effect on the feeding ability and subsequent
growth (investigated through weight and height),
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Fig. 5. Continued.

Mishima 1996a, 1996b, 2000, 2001 T1

Mishima 1996a, 1996b, 2000, 2001 T2

Mishima 1996a, 1996b, 2000, 2001 T3

Prahl 2001; Bongaarts 2006 T4

in means

—6.790
—6.790

7.100

7.100
—4.340
—4.340
—2.290
-2.290

limit
-14.077
—24.037
1.739
-9.426
-9.300
—20.740
-21.915
—27.380

as well as on speech (investigated through the

number of consonants) of patients with CLP
(Fig. 2) during the first 2 years of life. As demon-
strated by Konst et al. (47-52) in detailed investi-
gations, PSIO treatment had positive but probably
only temporary effects on speech and language
development of CLP patients (Fig.3). Treated
infants had a significantly more normal phono-
logical development path, improved production
of alveolar contoids and oral plosives, superior
intelligibility, and longer utterances in their
speech, but these treatment effects faded away as
the infants grew up, at the age of 6 years (47-52).

There seems to be no clinically positive effect of
PSIO treatment on facial growth of CLP patients
until the age of 6 years (45). This finding is in
agreement with the study of Peat (66), who
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E Studyname Time point Statistics for each stud Difference in means and 95% C
Difference Lower Upper
inmeans limit limit
Prahl 2001; Bongaarts 2006 T 3500 1250 5.750 —.I—
Mishima 1996a, 1996b, 2000, 2001 T1 0.000 -4.530 4.530
2639 0263 5.015 <:g
Prahl 2001; Bongaarts 2006 T2 3.200 0.197  6.203 O
Mishima 1996a, 1996b, 2000, 2001 T2 0.000 -5.779 5.779
2425 -0.520 5.370 - —
Prahl 2001; Bongaarts 2006 T3 2700 -1.049 6.449 L
Mishima 1996a, 1996b, 2000, 2001 T3 -0.020 -5.483 5443
1.780 -1.523 5.083
Prahl 2001; Bongaarts 2006 T4 2.820 0.652 4.988
2.820 0.151 5.489
-8.00 -4.00 0.00 4.00 8.00
Favours PSIO- Favours PSIO+
Study name Time point Statistics for each study Difference in means an % Cl
Difference Lower Upper
inmeans  limit limit
Prahl 2001; Bongaarts 2006 T 0.900 -1.794 3.594
Mishima 1996a, 1996b, 2000, 2001 T1 -0.870 -5.152 3.412
0.091 -5.549 5732
Prahl 2001; Bongaarts 2006 T2 3.800 0499 7.101 .
Mishima 1996a, 1996b, 2000, 2001 T2 —6.140 -10.721 -1.559 s
-0.797 -6.579 4.985 -
Prahl 2001; Bongaarts 2006 T3 1400 -1.611 4411
Mishima 1996a, 1996b, 2000, 2001 T3 -1.780 -6.322 2762 -1
-0.051 -5780 5.678
Prahl 2001; Bongaarts 2006 T4 1.940 -0.850 4.730
1.940 5747 9.627
-11.00 -5.50 0.00 5.50 11.00
Favours PSIO- Favours PSIO+
Study name Time point Statistics for each study Difference in means and 95% Cl

Difference Lower Upper

limit

0.497

10.457

12.461

23.626

0.620

12.060
i

17.335
22.800

-25.00 -12.50 0.00 12.50 25.00

Favours PSIO- Favours PSIO+

examined BCLP patients and assessed their
craniofacial outcomes by the SNA, SNB, and SN-
MP angles up to 9 years of age. The same author
found also a tendency for less incisor crossbite in
the PSIO+ group, but this should be interpreted
with caution, because of the small sample size of
this study (66). In our investigation, only limited
data from the included studies could be used for
quantitative synthesis, pointing out a slight, non-
significant trend toward an increased SNB angle
by 1.8° in PSIO+ patients at the age of 4-5 years
(Fig. 4), which, however, became definitively non-
significant at the 9.2 years of follow-up. Further-
more, according to the results of the qualitative
review, it seems that PSIO had no considerable
lasting effect on facial esthetics when assessed by
full-face and nasolabial photographs (46, 58).



According to the qualitative assessment of
the results of the Dutchcleft studies, it can be
concluded that neither occlusion (examined up
to 6 years) (43) nor the contact or collapse status
of the maxillary segments of CLP patients was
influenced following PSIO treatment (44, 56).
Further, the results of the meta-analysis indicate
that PSIO has no significant effect on maxillary
arch depth and width. This is in agreement with
the findings of a previous systematic review (69),
in which no differences between PSIO+ and
PSIO- infants were found with regard to these
parameters. The only positive effect of PSIO
found in the current investigation was on the
maxillary arch form of CLP patients, as measured
by one of three variables [M-T-C(5)] included in
the analysis (Fig. 5). Nevertheless, the latter re-
sult should be considered however, with some
caution, because this positive effect was not in
present at all time points. It is claimed that a
wider arch form decreases the size of the buccal
corridor spaces and therefore improves the smile
value and consequently facial esthetics (70, 71).
Thus, if this finding would be confirmed by future
studies, it could probably mean that PSIO treat-
ment may result in a better facial appearance of
CLP patients.

Apart from the evaluation of clinical outcomes,
cost-effectiveness analyses were also included in
the original studies in order to correlate the cost of
PSIO treatment with its effects. Severens et al. (60)
in a short-term cost evaluation suggested that the
cost-effectiveness of PSIO+ over PSIO- treatment
did not seem to be acceptable with regard to the
operating time needed for surgical lip closure.
Despite the significant cost of PSIO treatment, the
duration of lip surgery was almost the same as in
PSIO- patients. However, other variables such as
easiness of surgery, appearance or function of the
orbicularis oris after lip closure were not included
in their analysis. In contrast, Konst et al. (53) in a
long-term cost analysis showed that, in terms of
speech development, the cost-effectiveness in
PSIO+ over PSIO- patients seemed to be accept-
able, because treated infants had a small but sig-
nificant improvement in speech development at
the age of 2.5 years (1041 euro for 1.34 point of
speech improvement).

Papadopoulos et al. Pre-surgical orthopedics for cleft lip and palate patients

According to the results of the qualitative
evaluation, motherhood satisfaction, which was
investigated  through  questionnaires, was
not affected during the first year of patients’ life
(59).

The results of this study are valid for the passive
type of appliance used mainly on UCLP patients.
It was not possible to draw conclusions for active
plates or appliances with extensions for nasoal-
veolar molding. Future RCTs investigating these
types of appliances as well as BCLP patients
would be useful. Although some studies indicate
a beneficial use of pre-surgical nasoalveolar
molding (PNAM) treatment (12, 72, 73), particu-
larly for the improvement of nasal symmetry,
these results remain to be supported.

Despite the concurrence of reports on surgery,
and although it is already recognized by Winters
and Hurwitz (74), no RCT was found investigat-
ing the possible benefits of PSIO to cleft surgery.
Such results are expected from a trial that is
currently taking place in the North Thames Re-
gional Cleft Centre (NTRCC) in the UK (54). So
far, it appears that the Dutchcleft studies (43-53,
55-60) are the best-designed RCTs currently
available. The NTRCC trial (54) utilizes a similar
rigorous methodology, yet only the first part
of the results concerning the effects of PSIO
treatment on feeding has been published up to
now.

Conclusions

Short- and long-term effectiveness of PSIO treat-
ment was examined in patients with complete
UCLP, mainly with respect to the passive type of
appliance. According to the results of this meta-
analysis, only 3 of 13 variables were found to
present some significant differences. However,
this positive effect was not present at all time
points. Thus, existing evidence cannot support
the short- or long-term effectiveness of PSIO
treatment in CLP patients.

In the future, well-designed RCTs with long-
term follow-up should be undertaken in order to
provide additional evidence to confirm or reject
PSIO effectiveness.
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